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RESOURCE MANAGEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application incorporates by reference for all purposes

the full disclosure of co-pending U.S. patent application Ser.
No. 15/820,089, filed concurrently herewith, entitled

“CLUSTER MANAGEMENT™.

BACKGROUND

Business customers are increasingly relying on third
parties to provide computing resources via Web-based ser-
vices. Rather than relying on a conventional business com-
puting environment developed and deployed in-house, many
businesses acquire computing resources irom Web-based
service providers. Web-based service providers provide
access to computing resources 1n the form of dedicated or
shared computer servers, virtual machines, or even server-
less execution environments. Such solutions are convenient
for the customer, since the customer does not need to
acquire, maintain, and upgrade physical hardware. In addi-
tion, customers are more easily able to expand or scale back
theirr computing needs i response to fluctuating demand.
Therefore, for computing resource service providers, pro-
viding flexible and manageable computing environments
that are properly configured to the shifting needs of custom-
ers 1s an important problem.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

Various techniques will be described with reference to the
drawings, in which:

FIG. 1 shows a system in accordance with one embodi-
ment;

FIG. 2 shows an illustrative example of a distributed
processing system, 1 accordance with one embodiment;

FIG. 3 shows an illustrative example of a process, in
accordance with one embodiment;

FIG. 4 shows an illustrative example of a process, in
accordance with one embodiment;

FIG. 5 shows an illustrative example of a network stack
that implements a network namespace, 1n accordance with
one embodiment:

FIG. 6 shows an illustrative example of a cluster computer
system that supports a control plane namespace and a data
plane namespace, 1n accordance with one embodiment;

FI1G. 7 shows an illustrative example of a cluster computer
system that supports the processing of a parallel processing
10b, 1n accordance with one embodiment;

FIG. 8 shows an illustrative example of a process in
accordance with one embodiment;

FIG. 9 shows an illustrative example of a control plane
computer system that maintains a pool of resources for
processing job requests, in accordance with one embodi-
ment;

FIG. 10 shows an 1llustrative example of job management
service and a resource management service running on a
control plane computer system, in accordance with one
embodiment;

FIG. 11 shows an illustrative example of a job queue, in
accordance with one embodiment;

FI1G. 12 shows an illustrative example of a resource pool
data store, 1n accordance with one embodiment:

FIG. 13 shows an illustrative example of a process in
accordance with one embodiment;
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FIG. 14 shows an illustrative example of a process 1n
accordance with one embodiment;

FIG. 15 shows an 1llustrative example of a process 1n
accordance with one embodiment; and

FIG. 16 shows an illustrative example of a system 1n
which various embodiments can be implemented.

DETAILED DESCRIPTION

The present document describes a system that performs
j0bs submitted by a customer using a cluster of computing
resources configured and operated by a computing resource
service provider. In an embodiment, the customer submits a
10b to a control plane computer system operated by the
computing resource service provider. In an embodiment, the
control plane computer system creates and configures a
cluster of computing resources controlled by the computing
resource service provider. In an embodiment, nodes of the
cluster are monitored by the control plane. In an embodi-
ment, the computing resources are virtual computer systems
that are instantiated by the control plane computer system.
In an embodiment, the cluster of computing resources
includes a master node and one or more slave nodes. In an
embodiment, each node in the cluster of computing
resources 1s configured with a control plane network
namespace and a data plane network namespace. In an
embodiment, the control plane network namespace allows
cach node 1n the cluster of computing resources to access
systems and computing resources under the control of the
computing resource service provider. In an embodiment, the
data plane network namespace i1s configured to access a
customer network.

In an embodiment, the computing resource service pro-
vider allocates the nodes of the cluster on demand as a result
of recerving a job. In an embodiment, individual nodes of the
cluster are implemented as virtual computer systems, and a
control plane computer system operated by the computing
resource service provider instantiates an istance of a virtual
computer system for each node of the cluster. In an embodi-
ment, the control plane computer system generates a number
of virtual computer system instances and a resource profile
for each virtual computer system based on the characteristics
of the received job. In an embodiment, the computing
resource service provider may maintain the cluster for
processing additional jobs having similar resource require-
ments. In an embodiment, when no additional compatible
j0bs are available, the computing resource service provider
deallocates the resources associated with the cluster. In this
way, customers that submit jobs to the computing resource
service provider need not configure or manage a dedicated
cluster of computer systems. Rather, computing resources
may be allocated on the fly and maintained under the control
of the computing resource service provider.

In an embodiment, individual jobs are performed by
distributing tasks to individual nodes of the cluster. In an
embodiment, a task 1s a set of operations that are performed
by the nodes of the cluster to perform the job, such as a
data-transformation operation that 1s part of an extraction
transformation and loading (“ETL”") job. In an embodiment,
tasks may be specified by providing a set of computer-
executable 1nstructions, a script, a source code file, or an
identifier associated with a set of computer-executable
instructions. In an embodiment, the control plane computer
system generates a gateway computer system node for
hosting a task management client. In an embodiment, the
gateway computer system node 1s specific to the requester
that submitted the job, the security role, the data plane
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network namespace, and security group. In an embodiment,
the tasks are launched on the individual nodes of the cluster
by the gateway computer system node. In an embodiment,
the tasks are run 1n the data plane network namespace on the
individual nodes so that mndividual tasks are able to access
resources on the customer network.

In an embodiment, the system provides customer creden-
tials to the individual tasks to allow for authentication with
customer resources. In an embodiment, when a job 1s
submitted to the cluster by a customer, the cluster 1s assigned
a security role of the customer. A security role includes a set
ol permissions that grant access to various actions and/or
resources. In an embodiment, the security role may include
permission to access a Web service, access to a data
resource, or other network connected resource.

In an embodiment, the system provides a cluster of
computer systems on which a distributed job may be
executed. In an embodiment, operation of the cluster is
managed by the control plane network namespace, while
tasks are run in the data plane network namespace. In an
embodiment, this allows individual tasks to access customer
resources on the customer network by the data plane net-
work namespace using credentials provided to the individual
tasks. In an embodiment, the cluster of computer systems 1s
created, managed, and deconstructed by the computing
resource service provider on demand and in response to
receiving the job from the customer, and the customer need
only submit the job and collect the job results.

In an embodiment, a control plane computer system
manages a pool of computing resources for processing job
requests. In an embodiment, the pool of computing
resources 1s a group of virtual computer system instances
that may be allocated to the performance of incoming job
requests. In an embodiment, the control plane computer
system adjusts the amount of computing resources in the
pool, based on a predicted resource demand. In an embodi-
ment, the resource demand is estimated based on a collection
of job requests 1n a job queue. In an embodiment, the control
plane computer system analyzes the pending job requests in
the job queue by determining an amount of resources for
processing each job request and then adding computing
resources to the pool to meet the estimated resource demand.

In an embodiment, individual job requests may be sched-
uled for fulfillment at a future time. In an embodiment, as of
the time for fulfilling a job request approaches, the control
plane computer system determines an amount of computing,
resources for fulfilling the upcoming job request, and adds
corresponding additional computing resources to the pool.
In an embodiment, the control plane computer system esti-
mates future resource demands by examining historical
records of past job performance. In an embodiment, the
control plane computer system maintains a historical record
ol jobs performed and resources used to perform each job.
In an embodiment, the control plane computer system 1den-
tifies spikes 1n resource use that occur 1 a periodic basis
such as an hourly, daily, weekly, monthly, or annual basis. In
an embodiment, 1f the control plane computer system pre-
dicts an upcoming resource spike, a corresponding amount
of computing resources 1s added to the resource pool 1n
anticipation of the upcoming resource spike.

In an embodiment, as job requests are extracted from the
10b queue, resources are allocated from the resource pool to
tulfill the job. In an embodiment, after the job completes, the
control plane computer system examines the job queue to
identify jobs with similar resource requirements and reuses
the resources to perform the i1dentified jobs. In an embodi-
ment, after the job completes, the resources may be scrubbed
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4

ol job-specific information and returned to the job queue. In
an embodiment, after the job completes, the resources may
be deallocated, and new virtual computer system instances
created and added to the resource pool. In various embodi-
ments, resources that are allocated from the resource pool
may be arranged into clusters that have access to job-specific
resources via a network namespace.

In this way, users that submit 1individual jobs need not
create nor provide dedicated resources for performing each
job. Rather, resource requirements may be expressly or
implicitly provided with each job, and the control plane
computer system allocates specific resources from a warm
pool of available resources. In various embodiments, this
results 1n a more eflicient and flexible use of computing
resources, and may also result 1n faster performance since
virtual computer systems are merely allocated from the
resource pool and are not created from scratch for each job.

FIG. 1 shows a system 1n accordance with one embodi-
ment. A system diagram illustrates an embodiment of a
distributed processing system 100. In an embodiment, the
system 1ncludes a control plane computer system 102 that
receives job requests from a customer computer system 104.
In an embodiment, 1n response to receiving the job request,
the control plane computer system 102 determines a set of
parameters for a computer cluster 106 that 1s capable of
processing the job. In an embodiment, if the control plane
computer system 102 determines that an existing computer
cluster 1s capable of processing the job, the existing com-
puter cluster i1s allocated to process the job. In an embodi-
ment, 1f the control plane computer system 102 determines
that there 1s not an existing computer cluster for processing
the job, a new computer cluster 1s allocated by the control
plane computer system 102. In an embodiment, a new
computer cluster 1s allocated by instantiating a number of
virtual computer systems, and configuring the virtual com-
puter systems 1nto a computer cluster in accordance with the
parameters.

In an embodiment, the control plane computer system 102
configures the computer cluster 106 so that each computer
system 1n the computer cluster 106 has access to a network
namespace 108. In an embodiment, the network namespace
1s established when the computer cluster 106 1s created by
the control plane computer system 102. In an embodiment,
when each computer system 1n the computer cluster 106 1s
created, the control plane computer system 102 causes an
additional network stack to be generated on one or more
computer systems ol the computer cluster 106. In an
embodiment, the additional network stack has a routing
table different than the default network stack on each com-
puter system. In an embodiment, the presence of two net-
work stacks having two separate routing tables allows each
computer system in the computer cluster 106 to access the
control plane computer system 102 with the default network
stack, and a data store 110 on a customer data storage service
112 with the additional network stack.

In an embodiment, a job 1s submitted to the control plane
computer system 102 by the customer computer system 104.
In an embodiment, the control plane computer system 102
determines the parameters of the job. In an embodiment, the
parameters of the job include one or more of a security role
that 1s used to access resources used by the job, a number of
cluster computer systems used when processing the job, the
customer network containing resources that are used by the
10b, and a customer account. In an embodiment, 1f there 1s
an existing cluster that satisfies the parameters of the job, the
existing cluster may be used to process the job. In an
embodiment, 11 there 1s not an existing cluster that satisfies
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the parameters job, the control plane computer system 102
creates the computer cluster 106. In an embodiment, the
computer cluster 106 may be created by allocating a number
of physical computer systems or by instantiating a set of
virtual computer systems. In an embodiment, the control
plane computer system 102 configures each computer sys-
tem 1n the computer cluster 106 with the network namespace
108 which allows each computer system to access the
customer data storage service 112.

In an embodiment, the control plane computer system 102
uses the credentials provided with the job to acquire a
security token authorizing access to the customer data
storage service 112. In an embodiment, the security token 1s
valid for a limited time, after which the security token
expires and can no longer be used access the customer data
storage service 112. In an embodiment, the control plane
computer system 102 relays the security token to each
computer 1n the computer cluster 106 where 1t 1s stored 1n
memory that 1s accessible to a process that has access to the
network namespace 108. In an embodiment, the control
plane computer system 102 instantiates a set of tasks on the
computer cluster 106 such that each task runs on an indi-
vidual computer system 1n the computer cluster 106. In an
embodiment, the set of tasks run in a process memory space
that has access to the network namespace 108. In an embodi-
ment, each task i1n the set of tasks 1s provided with the
security token and may use the security token to access the
customer data storage service 112. In an embodiment, each
task provides results to the control plane computer system
102, and the results are synthesized into a job status which
1s provided to the customer computer system 104 after
completion of the job.

In an embodiment, the control plane computer system 102
may disband the computer cluster 106 upon completion of
the job. In an embodiment, the control plane computer
system 102 disbands the computer cluster 106 by deleting
the mstances of the virtual computer systems that comprise
the cluster. In an embodiment, the control plane computer
system 102 waits for an amount of time after the job 1s
completed before disbanding the computer cluster 106. In an
embodiment, if another job 1s submitted to the control plane
computer system 102 that matches the parameters of the
existing computer cluster 106, the existing computer cluster
106 may be reused for processing the new job. In an
embodiment, 11 an additional compatible job 1s not submiut-
ted within the amount of time, the control plane computer
system 102 disbands the computer cluster 106.

FIG. 2 shows an illustrative example of a distributed
processing system, 1n accordance with one embodiment. A
system diagram 1llustrates an embodiment of a parallel-
processing system 200 for processing a job. In an embodi-
ment, a control plane 202 receives a job definition 204 from
a customer via a client computer system. In an embodiment,
the job definition 204 may include source code, script files,
executable instructions, intermediate code, or other infor-
mation that i1dentifies or describes the job that i1s to be
performed by the system. In an embodiment, the control
plane 202 1s a computer system that communicates with the
client computer system or a computer network. In an
embodiment, the control plane 202 includes a cluster control
plane that creates a computer cluster 206 for processing the
j0b. In an embodiment, the cluster control plane creates the
computer cluster 206 1n accordance with a set of cluster
parameters that are determined based at least 1n part on the
characteristics of the job definition 204. In an embodiment,
the cluster parameters may include a number of computer
systems to be generated in the computer cluster 206 and
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memory, processor, and other resource requirements asso-
ciated with each computer system in the computer cluster
206. In an embodiment, the cluster control plane generates
a master node 208 and one or more slave nodes 210 and 212.
In an embodiment, the cluster control plane configures each
node of the computer cluster 206, and each node 1s able to
access a first network namespace and a second network
namespace. In an embodiment the first network namespace
allows the computer cluster 206 to access the control plane
202, and the second network namespace allows the com-
puter cluster 206 to access a customer subnet 214.

In an embodiment, the control plane 202 includes a glue
control plane computer system. In an embodiment, the
control plane 202 to relays information between namespaces
on each node of the computer cluster 206. In an embodi-
ment, the control plane 202 sends authentication information
such as security tokens to individual nodes of the computer
cluster 206 via the first network namespace, and the authen-
tication information 1s relayed from the {first network
namespace to the second namespace by an agent on each
node of the computer cluster 206. In an embodiment, this
allows tasks running on the individual nodes of the computer
cluster 206 to acquire the authentication information, and
use the authentication information to access a customer
resource 216 on the customer subnet 214.

In an embodiment, the system includes a gateway com-
puter system 218. In an embodiment, the gateway computer
system 218 supports an agent runtime 220 that hosts a job
agent 222. In an embodiment, when a job arrives at the
control plane 202 for execution, the control plane 202
generates the gateway computer system 218 11 a compatible
gateway 1s not already available. In an embodiment, the
control plane 202 runs the job agent 222 which corresponds
to the received job defimtion 204. In an embodiment, the
agent runtime 220 supports the operation of the job agent
222. In an embodiment, the agent runtime 220 may be a
Docker runtime, a script engine, an application framework,
an 1terpreter, or a language runtime. In an embodiment, the
j0b agent 222 runs directly on the gateway computer system
218 and the agent runtime 220 1s omitted. In an embodiment,
the job agent 222 launches individual tasks on individual
slave nodes 210 and 212 of the computer cluster 206. In an
embodiment, the job agent 222 monitors the status of each
task dispatched to the computer cluster 206 and acquires
task status information which 1s used to generate a job status.
In an embodiment, the job status is reported by the gateway
computer system 218 to the control plane 202, and the job
status 1s relayed to the customer by the client computer
system.

In an embodiment, the cluster control plane 1n the control
plane 202 monitors the operation of the computer cluster
206 as tasks associated with the job definition 204 are run on
the individual slave nodes. In an embodiment, the job agent
222 monitors the execution of the job by polling an agent on
the master node 208 of the computer cluster 206. In an
embodiment, the job agent monitors the execution of the job
by monitoring the execution of individual tasks on the slave
nodes 210 and 212 of the computer cluster 206.

FIG. 3 shows an illustrative example of a process, 1n
accordance with one embodiment. A flowchart 1llustrates a
process 300 that, 11 executed by a control plane computer
system and a gateway computer system, executes a parallel
processing job, in an embodiment. In an embodiment, the
process begins at block 302 with the control plane computer
system receiving a job description ifrom a customer. In an
embodiment, the job description 1s a mapreduce job or
parallel processing job. In an embodiment, the control plane
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examines the job to 1dentily a set of job characteristics. In an
embodiment, the control plane acquires 304 a security role
of the customer so that a cluster created by the control plane
will be able to access customer resources on a customer
network. In an embodiment, the control plane acquires a
security token using the security role. In an embodiment, the
security token 1s a cryptographically signed token containing
an expiration date. In an embodiment, the security token
containing the expiration date 1s not accepted as valid after
the expiration date. In an embodiment, at block 306, the
control plane computer system generates a job agent for the
10b based on the job description received from the customer.
In an embodiment, the job agent 1s the job description itself.
In an embodiment, the job agent 1s a modified version of the
10b description. In an embodiment, the job agent 1s a script
or set of executable instructions corresponding to the job
description.

In an embodiment, at block 308, the control plane com-
puter system creates a cluster on which the job can be
executed. In an embodiment, the control plane computer
system generates the cluster 1n accordance with a set of
cluster parameters that are determined based on a job
description supplied by the customer. In an embodiment, the
cluster 1s created by allocating a set of virtual computer
system 1nstances from a pool of computing resources, and
configuring the set of virtual computer system instances with
a master node and one or more slave nodes. In an embodi-
ment, the master node coordinates the execution of tasks on
the slave nodes, where the tasks work 1in coordination to
perform a job. In an embodiment, the cluster parameters
include a number of computer systems in the cluster. In an
embodiment, the control plane computer system creates the
cluster by configuring a set of existing hardware servers, and
allocating the existing hardware servers to execute the job.
In an embodiment, the control plane computer system cre-
ates the cluster by instantiating a set of virtual servers and
configuring the virtual servers as a cluster 1 accordance
with the cluster parameters. In an embodiment, the control
plane computer system communicates with the cluster over
a first network namespace, and configures 310 each com-
puter system 1n the cluster so that each computer system in
the cluster has access to a second network namespace not
accessible to the control plane computer system. In an
embodiment, the second network namespace allows each
server 1n the cluster to access a customer network containing
one or more customer resources. In an embodiment, cus-
tomer sources may include storage systems, online services,
Web-based services, cryptographic services, or other
resources that are not accessible via the first network
namespace. In an embodiment, a Web-based service 1s a
service having an interface that i1s accessible via the Internet,
an ntranet, or other network using a hypertext transfer
protocol (“HTTP”) command such as a GET or PUT com-
mand. In an embodiment, Web-based services may include
services that provide return data in XML or JSON formats.
In various examples, Web-based services may include ser-
vices based on representational state transter (“REST™),
Simple Object Access Protocol (“SOAP”), or Web Services
Description Language (“WSDL”).

In an embodiment, at block 312, the control plane com-
puter system generates a gateway computer system for the
job. In an embodiment, the cluster 1s configured with the
master node and one or more slave nodes, and the gateway
computer system 1s configured with access to the master
node via the second network namespace. In an embodiment,
the gateway computer system supports a runtime environ-
ment that 1s capable of running the job agent. In an embodi-
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ment, the job agent 1s transferred 314 from the control plane
computer system to the gateway computer system.

In an embodiment, at block 316, the gateway computer
system receives and executes the job agent. In an embodi-
ment, the job agent loads individual tasks of the job on each
slave node of the cluster. In an embodiment, individual tasks
run on the individual slave nodes of the cluster, and are
monitored 318 by the job agent. In an embodiment, the
individual tasks return status information to the gateway
computer system Ifrom corresponding job agents. In an
embodiment, at block 320, the gateway computer system
combines the status information returned from the individual
tasks to produce a job status, and returns the job status to the
control plane computer system.

In an embodiment, at block 322, the control plane com-
puter system receives the job status from the gateway
computer system. In an embodiment, the job status is
relayed from the control plane computer system to the
customer via a client computer system. In an embodiment,
prior to suspending the cluster and freeing the associated
resources, the control plane computer system waits for an
amount of time to see 1i an additional job compatible with
the current cluster i1s received. In an embodiment, 1f the
compatible job 1s not recerved within the amount of time, the
cluster 1s disbanded and the resources are freed. In an
embodiment, the amount of time may be determined based
at least 1n part on the amount of time and resources required
to re-create a cluster similar to the existing one. In an
embodiment, at block 324, the control plane computer
system disbands the cluster and {frees the associated
resources upon completion of the job. In an embodiment, the
control plane computer system waits until the cluster has
been disbanded and the associated resources freed.

FIG. 4 shows an illustrative example of a process, 1n
accordance with one embodiment. A flowchart illustrates a
process 400 that, 1f performed by a control plane computer
system, acquires a computer cluster that 1s properly config-
ured for a job, in an embodiment. In an embodiment, the
process begins at block 402 with the control plane computer
system receiving a job definition from a customer. In an
embodiment, the job definition 1s a mapreduce or Hadoop
Yarn job received from a client computer system operated
under the control of the customer. In an embodiment, at
block 404, the control plane computer system 1dentifies the
set of requirements for an execution environment capable of
executing the job. In an embodiment, the requirements
include a number of nodes 1n a computer cluster, an amount
of memory for each node in the computer cluster, an amount
of processing capability for each node of the computing
cluster, and security credentials needed by each node of the
computing cluster. In an embodiment, at decision block 406,
the control plane computer system determines whether an
existing cluster matches the identified set of requirements
for executing the current job. If an existing cluster matches
the 1dentified set of requirements, the existing cluster 1s
appropriated for use i1n executing the job and execution
advances to block 410. If no existing cluster matches the
identified set of requirements, execution advances to block
408 where the control plane computer system creates a new
cluster that meets the 1dentified set of requirements. In an
embodiment, at block 408, after creating a new cluster that
meets the 1dentified set of requirements, execution advances
to block 410.

In an embodiment, at block 410, the control plane com-
puter system adjusts the resources of the cluster to satisiy the
requirements of the job. In an embodiment, if a previously
used cluster has more nodes than are required, access nodes
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ol the reused cluster are freed and made available for other
purposes. In an embodiment, 11 the node count of an unal-
located cluster 1s msuflicient to process the job, additional
loads may be added to the cluster. In an embodiment, at
decision block 412, the control plane computer system
determines whether a gateway computer system for the
cluster exists and satisfies the requirements of the job. In an
embodiment, the gateway computer system satisfies the
requirements of the job i the gateway computer system 1s
connected to a namespace that allows interaction with tasks
hosted on the individual nodes of the cluster which iteract
with customer resources. In an embodiment, 1f a suitable
gateway does not exist, execution advances to block 414 and
the control plane computer system generates a new gateway
for the cluster. In an embodiment, the new gateway 1s
configured with access to a customer subnet that allows
communication with tasks distributed to individual nodes of
the cluster. In an embodiment, after creating a new gateway,
execution advances to block 416. In an embodiment, it a
suitable gateway already exists at decision block 412, execu-
tion advances to block 416.

In an embodiment, at block 416, the control plane com-
puter system deploys the job to the gateway computer
system. In an embodiment, the job 1s deployed in the form
of a job agent that runs within a runtime on the gateway
computer system. In an embodiment, the job agent distrib-
utes a task to the master node of the cluster 418, and the
master node of the cluster distributes the task to the slave
nodes of the cluster via a network namespace that allows
access to customer resources. In an embodiment, each slave
node of the cluster runs the task after the task is received. In
an embodiment, at block 420, the job agent running on the
gateway computer system monitors the operation of the
tasks. In an embodiment, the job agent assembles a job status
based on the mformation received from the individual tasks
running on the cluster and returns the job status to the
control plane computer system.

FIG. 5 shows an 1llustrative example of a network stack
that implements a network namespace, in accordance with
one embodiment. A block diagram illustrates an embodi-
ment of a network stack 500 that includes an application
layer 502, a transport and network layer that implements a
network namespace 304, and a data link layver 506. The
application layer 502 1s capable of hosting a vanety of
customer applications that may, in various embodiments,
include a Web browser 508, a telnet client 510, or a remote
storage driver 512. In an embodiment, applications within
the application layer 502 may interact with the layers of the
network namespace 504 using a socket application program-
ming 1nterface (“API”), a Winsock API, a stream interface,
a messaging API, or an interprocess communication (“IPC”)
mechanism.

In an embodiment, the network namespace 504 includes
a transport layer 514 and the network layer 516. In an
embodiment, the network layers that implement the network
namespace 504 contain state information that differentiates
one network namespace from another. In an embodiment,
cach unique network namespace maintains a unique routing
table that defines the subnets and network entities that are
accessible via the namespace. In an embodiment, the trans-
port layer 514 includes a TCP service 518 and a transport
configuration data store 520. In an embodiment, the TCP
service 318 1s a computer-readable medium containing
instructions that, when executed by a computer system
hosting the network stack, implement transport-layer func-
tionality of the computer network in accordance with the
information stored 1n the transport configuration data store
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520. In an embodiment, the transport configuration data
store 1s a read/write memory device used by the TCP service
518 to store routing information. In an embodiment, the
routing information comprises a routing table that includes
a set of rules that define where data packets traveling over
an Internet protocol (*IP”) network are directed.

In an embodiment, the network layer 516 includes an IP
service 522 and the network configuration data store 524. In
an embodiment, the IP service 522 1s a computer-readable
medium containing instructions that, when executed by a
computer system hosting the network stack, implement
network-layer functionality of the network in accordance
with information stored in the network configuration data
store 524. The network configuration data store 524 1s a
read/write memory used by the IP service 522 to store
network state information. In an embodiment, the network
state information may include bridging and switching infor-
mation such as address tables for switched segments of a
physical network. In an embodiment, information that dis-
tinguishes the network namespace 504 from other network
name spaces 1s contained in the transport configuration data
store 520. In an embodiment, the transport configuration

data store 520 comprises an IP routing table.

In an embodiment, the network stack includes a data link
layer 506. In an embodiment, the data link layer 506
comprises an Ethernet device driver 526. In an embodiment,
the data link layer 506 includes a physical network driver
such as a token ring driver, a fiber net driver, a Wi-Fi1
network driver, or an electrical interface device to a physical
network medium. In an embodiment, the data link layer 506
includes a virtual network driver that provides an interface
to a virtual network such as an 1solated virtual subnet.

FIG. 6 shows an 1llustrative example of a cluster computer
system that supports a control plane namespace and a data
plane namespace, in accordance with one embodiment. A
block diagram illustrates an embodiment 600 of a cluster
computer system 602 that 1s a member of a computer cluster.
In an embodiment, the cluster computer system 602 includes
a first network stack 604 and a second network stack 606. In
an embodiment, the first network stack 604 implements a
control plane namespace. In an embodiment, the control
plane namespace 1s implemented by the first network stack
604 using a virtual router 608 configured with a routing table
612 and a TCP/IP service 610. In an embodiment, the
routing table 612 allows the first network stack 604 to
communicate via a network adapter 614 with a control plane
computer system operated by a computing resource service
provider. In an embodiment, the control plane computer
system allows the computing resource service provider to
manage the creation, disassembly, and monitoring of the
cluster computer system 602. In an embodiment, the net-
work adapter 614 1s a virtual network adapter connected to
a virtual subnet.

In an embodiment, the control plane namespace of the
cluster computer system 602 hosts an 1nstance controller 616
and a glue agent 618. In an embodiment, the instance
controller 616 communicates with a control plane computer
system operated by the computing resource service provider.
In an embodiment, the instance controller 616 1s comprised
ol instructions stored in memory on the cluster computer
system 602 that, when executed by a processor of the cluster
computer system 602, communicate with the control plane
computer system via the first network stack 604. In an
embodiment, the instance controller 616 allows the control
plane computer system to monitor the status of the cluster
computer system 602. In an embodiment, the instance
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controller 616 allows the control plane computer system to
control the operation of the cluster computer system 602.

In an embodiment, the glue agent 618 1s comprised of
executable 1nstructions stored 1n memory of the cluster
computer system 602 that, if executed by a processor on the
cluster computer system 602, communicate with and per-
form operations at the direction of the control plane com-
puter system. In an embodiment, the glue agent 618 1s
capable of transferring information between the control
plane namespace of the cluster computer system 602 and the
data plane namespace of the cluster computer system 602. In
an embodiment, the glue agent 618 1s used to transfer
credentials supplied by the control plane computer system to
an agent within the data plane namespace on the cluster
computer system 602.

In an embodiment, the second network stack 606 includes
a virtual router 620 and a TCP/IP service 622. In an
embodiment, the virtual router 620 maintains a routing table
624 that allows the second network stack 606 to access a
subnet that 1s not accessible via the control plane namespace.
In an embodiment, the subnet that 1s not accessible to the
control plane namespace 1s a customer subnet containing
customer resources such as customer databases, services, or
cryptographic services. In an embodiment, the second net-
work stack 606 communicates with the subnet via a network
adapter 626. In an embodiment, the network adapter 626 1s
a virtual network adapter connected to a virtual subnet of the
customer. In an embodiment, a cluster resource manager 628
and a task node 630 connect to the customer network via the
second network stack 606. In an embodiment, the cluster
resource manager 628 1s a service consisting of executable
instructions stored 1n memory on the cluster computer
system 602 that, when executed by a processor of the cluster
computer system 602, manage one or more tasks associated
with a parallel processing job submitted by the customer. In
an embodiment, the task node 630 1s a set of instructions
associated with the customer job that 1s loaded onto the
cluster computer system 602 and executed by a processor of
the cluster computer system 602 to perform at least a portion
of the job. In an embodiment, the task node 630 may be a
Yarn datanode and the cluster computer system 602 may be
a slave computer system in the computer system cluster. In
an embodiment, the task node 630 may be a Yarn namenode
and the cluster computer system 602 may be a master
computer system of the computer system cluster.

FIG. 7 shows an illustrative example of a system that
supports processing of a parallel processing job, 1 accor-
dance with one embodiment. A system diagram 1llustrates an
embodiment of a cluster of computer systems 700 that are
operated by a computer resource service provider to process
parallel processing jobs submitted by a customer. In an
embodiment, a cluster control plane 702 1s a computer
system operated by the computer resource service provider
that 1s accessible via a control plane network namespace. In
an embodiment, the cluster control plane 702 receives a job
request from the customer, evaluates the job request, and
determines a set of cluster parameters. In an embodiment,
based at least in part on the set of cluster parameters, the
cluster control plane 702 generates a computer cluster 1n
accordance with the set of cluster parameters. In an embodi-
ment, the cluster parameters may include a number of nodes
in the cluster, an amount of memory for each system 1n the
cluster, an amount of storage space allocated to each node 1n
the cluster, and an amount of processing power allocated to
cach node 1n the cluster. In an embodiment, after generating
the computer cluster, the cluster control plane 702 monitors
the status of each cluster node to confirm proper operation.

10

15

20

25

30

35

40

45

50

55

60

65

12

In an embodiment, a glue control plane 704 communi-
cates with each node of the generated cluster via a network
accessible to the control plane namespace. In an embodi-
ment, the glue control plane 704 1s a computer system
running a service that manages the distribution of informa-
tion to tasks runming on each slave node of the computer
cluster. In an embodiment, the glue control plane acquires
security tokens that are used by tasks running on the cluster
and distributes the security tokens to each node via the
control plane namespace. In an embodiment, agents running
on the cluster relay the information from the control plane
namespace to processes running within a data plane
namespace.

In an embodiment, the cluster includes a master cluster
node 706 and a slave cluster node 708. In an embodiment,
the master cluster node implements a first network adapter
710 which 1s configured in accordance with the control plane
namespace and 1s able to access the cluster control plane 702
and the glue control plane 704. In an embodiment, a master
instance controller 712 and a glue agent 714 are services that
run on the master cluster node 706 and communicate via the
first network adapter 710. In an embodiment, the {first
network device 1s an Ethernet adapter configured on a UNIX
system. In an embodiment, a second network adapter 716
implements a data plane namespace used by a resource
manager 718 and a task namenode 720. In an embodiment,
the master mstance controller 712 communicates with the
resource manager 718 to obtain the status of the slave cluster
node 708. In an embodiment, the master instance controller
712 talks to the task namenode 720 to acquire the status of
task datanodes running on associated slave cluster nodes. In
an embodiment, the task namenode 720 1s a Yarn namenode.

In an embodiment, the slave cluster node 708 includes a
third network adapter 722 that supports access to the control
plane namespace. In an embodiment, a slave nstance con-
troller 724 and a glue agent 726 are hosted by the slave
cluster node 708 1n the control plane namespace. In an
embodiment, the slave cluster node 708 implements a fourth
network adapter 728 that allows access to the data plane
namespace. In an embodiment, a node manager 730, a task
data node 732, and a task 734 use the fourth network adapter
728 to communicate with a customer subnet. In an embodi-
ment, the task 734 uses the fourth network adapter 728 to
communicate with a customer network resource 738. In an
embodiment, the customer network resource 738 1s a storage
service, encryption service, Web service, or a processing
service accessible to the data plane namespace. In an
embodiment, a gateway computer system 736 uploads tasks
to individual slave cluster nodes and monitors the operation
of tasks on the cluster via the data plane namespace.

In an embodiment, the task 734 talks to the customer
network resource 738 via the fourth network adapter 728. In
an embodiment, the cluster control plane 702 requests the
status of the nodes via the master instance controller 712. In
an embodiment, the master instance controller 712 main-
tains health records indexed by the private DNS associated
with the control plane namespace. In an embodiment, tasks
running in the data plane namespace on slave nodes of the
cluster computer system have private DNS addresses dii-
ferent from those addresses known to the cluster control
plane 702 and the master instance controller 712. In an
embodiment, the glue control plane 704 maintains a map-
ping between the DNS addresses for the tasks, and provides
this mapping to the master instance controller 712. In an
embodiment, the instance controller uses this information to
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translate data plane namespace addresses to control plane
addresses before sending responses back to the cluster
control plane 702.

In an embodiment, a customer submits a parallel process-
ing job to the cluster control plane 702. In an embodiment,
the cluster control plane 702 creates the master cluster node
706 and the slave cluster node 708 1n accordance with a set
of cluster parameters that are determined based at least 1n
part on characteristics of the parallel processing job. In an
embodiment, the master cluster node 706 and the slave
cluster node 708 are virtual computer systems generated by
the cluster control plane 702. In an embodiment, the glue
control plane 704 maintains a mapping of addresses between
the data plane namespace and the control plane namespace
to facilitate communication of information between the two
name spaces. In an embodiment, the glue control plane
tacilitates the transter of credentials from the cluster control
plane to the individual tasks on the slave cluster nodes via
the glue agent 714 and the glue agent 726. In an embodi-
ment, the gateway computer system 736 facilitates deploy-
ment and momtoring of the tasks on individual slave cluster
nodes. In an embodiment, the customer network resource
738 1s a resource used by the task 734.

FIG. 8 shows an illustrative example of a process in
accordance with one embodiment. A swim diagram 800
illustrates an embodiment of a process that, as a result of
being performed by a control plane, a glue agent running in
a control plane namespace and a cluster node, and a task
running a data plane namespace on the cluster node, trans-
fers security information to the task that allows the task to
access customer resources 1n accordance with the security
role provided to the control plane.

In an embodiment, the process begins at block 804 with
the control plane assuming a security role associated with a
10b received from a customer. In an embodiment, the cus-
tomer provides authorization to the control plane to assume
the security role. In an embodiment, at block 806, the control
plane computer system requests a security token for the
security role. In an embodiment, the security token 1s
requested from an authorization service run by a computing,
resource service provider. In an embodiment, the security
token 1ncludes a cryptographically signed timestamp and an
expiration time after which the security token will no longer
be valid. In an embodiment, the security token 1s signed
using a private key of a public-private key pair that 1s
associated with a provider of a customer resource. In an
embodiment, at block 808, the control plane computer
system records the expiration time of the security token. In
an embodiment, as the security token nears expiration, the
control plane computer system requests a new security token
with an updated expiration time, and the new security token
1s forwarded to the task prior to the expiration of the
previous token.

In an embodiment, at block 810, the security token 1s sent
to a glue agent running on a master node of a cluster
computer system created by the control plane to process the
j0b. In an embodiment, at block 812, the glue agent on the
master node receives the security token from the control
plane computer system. In an embodiment, at block 814, the
glue agent relays the security token from the control plane
namespace on the master node to a task control agent
running in a data plane namespace on the master node.

In an embodiment, at block 816, the task running 1n the
data plane namespace receives the security token from the
glue agent. In an embodiment, at block 818, the task uses the
security token to access a customer resource. In an embodi-
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ment, the customer resource can be a database, a storage
device, a Web service, or other resource accessible via the
data plane namespace.

FIG. 9 shows an illustrative example of a control plane
computer system that maintains a pool of resources for
processing job requests, in accordance with one embodi-
ment. A diagram 1illustrates an embodiment 900 of a control
plane computer system 902 that processes jobs submitted by
a client computer system 904. In an embodiment, the control
plane computer system 902 hosts a resource management
service 906 and a job management service 907. In an
embodiment, the resource management service 906 and the
10b management service 907 are comprised of computer-
readable instructions stored on a memory on the control
plane computer system 902.

In an embodiment, if the computer-readable instructions
of the resource management service 906 are executed by a
processor on the control plane computer system 902, the
control plane computer system 902 performs operations that
manage a job queue 908. In an embodiment, the job queue
908 1s a memory that stores information relating to incoming
10b requests 1 an embodiment, job requests may be
retrieved from the job queue 908 1n a first-in first-out order.
In an embodiment, jobs may be stored in the job queue 908
with a scheduling tag that specifies a particular time. In an
embodiment, the job queue 908 releases jobs after a time
indicated by the scheduling tag. In an embodiment, 11 the
computer-readable instructions of the job management ser-
vice 907 are executed by a processor on the control plane
computer system 902, the control plane computer system
902 performs operations that manage a warm resource pool
910. In an embodiment, the warm resource pool 910 main-
tamns 1nformation associated with a set ol computing
resources that may be used to fulfill job requests. In an
embodiment, the computing resources may include dedi-
cated computer systems, server computer systems, storage
resources, on-demand processing resources, virtual com-
puter system instances, or runtime environments.

In an embodiment, the instructions associated with the
resource management service 906 cause the control plane
computer system 902 to generate and maintain a set of
computing resources based on the state of the job queue 908.
In an embodiment, the number of computing resources
maintained for use in the warm resource pool 910 1s a
number of resources specified by the system administrator.
In an embodiment, the number of computing resources
maintained for use 1n the warm resource pool 910 1s deter-
mined by the resource requirements of the jobs currently in
the job queue 908. In an embodiment, the resource man-
agement service 906 searches the job queue 908 for upcom-
ing jobs that are scheduled in the near future to estimate the
amount of resources to be maintained in the warm resource
pool 910. In an embodiment, the resource management
service 906 maintains a historical record of jobs processed
in the job queue 908, and identifies historical trends to
predict future demand for computing resources. In an
embodiment, the job management service 907 uses the
predicted future demand to set the number of computing
resources maintained in the warm resource pool 910.

In an embodiment, a customer submits a job request to the
control plane computer system 902 via the client computer
system 904. In an embodiment, the control plane computer
system 902 receives the job request, determines a resource
requirement for the recerved job, and stores the recerved job
in the job queue 908 with the associated resource require-
ment. In an embodiment, the control plane computer system
902 periodically retrieves a job from the job queue 908 for
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processing. In an embodiment, the control plane computer
system 902 allocates a set of resources 912 that are 1dentified
in the warm resource pool 910 for use in processing the job
in accordance with the resource requirements of the job. In
an embodiment, the set of resources 912 are removed from
the warm resource pool 910 and are configured in accor-
dance with the requirements of the job. In an embodiment,
the set of resources 912 1s configured mnto a computer cluster
914. After processing the job, the control plane computer
system 902 may, in an embodiment, return the set of
resources 912 to the warm resource pool 910.

FIG. 10 shows an 1llustrative example of job management
service and a resource management service running on a
control plane computer system, in accordance with one
embodiment. A diagram illustrates an embodiment 1000 of
a control plane computer system 1002. In an embodiment,
the control plane computer system 1002 receives job
requests from a client computer system 1004. In an embodi-
ment, the control plane computer system 1002 1s a computer
system, server computer system, server cluster, virtual com-
puter system, or computer runtime environment that hosts a
job management service 1006 and a resource management
service 1008. In an embodiment, the job management ser-
vice 1006 and the resource management service 1008 are
comprised of executable instructions stored on a memory of
the control plane computer system 1002. In an embodiment,
the executable instructions are executed by a processor of
the control plane computer system 1002, causing the control
plane computer system 1002 to manage the storage and
retrieval of jobs to and from a job queue 1010, and the
management of resources in a warm resource pool 1012,

In an embodiment, the job management service 1006
includes a job evaluation service 1014, a job resource
scheduler 1016, and a job queue manager 1018. In an
embodiment, each subcomponent of the job management
service 1006 1s implemented as an 1solated set of instruc-
tions 1n memory, and provides functional interfaces that are
accessible to other components of the control plane com-
puter system 1002. In an embodiment, the job evaluation
service 1014 receives jobs submitted by the client computer
system 1004, and 1dentifies resource requirements associ-
ated with each job. In an embodiment, the job evaluation
service 1014 receives information with each job that
describes the processing resources needed to process the job.
In an embodiment, each job identifies a number of process-
ing units needed to process the job. In an embodiment, the
10b evaluation service 1014 evaluates the substance of each
j0b to infer an amount of computing resources needed to
process the job. In an embodiment, after determining the
resource requirements of the job, the control plane computer
system 1002 stores the job description and the resource
requirements for the job in the job queue 1010. In an
embodiment, the job queue 1010 1s a stack, queue, list, hash
table, array, relational database, or data structure used to
retain information relating to pending job requests. In an
embodiment, jobs may be selected from the job queue 1010
for processing 1n a first-in first-out order, a first-1n last-out
order, a priority order, or according to a schedule specified
by the administrator or by each job itself.

In an embodiment, the job queue manager 1018 stores
received jobs 1n the job queue 1010 along with associated
resource requirements, and identifies particular jobs to be
processed. In an embodiment, the job queue manager 1018
maintains a set of queued jobs ready to be run, and scheduled
j0bs to be run at a future time. In an embodiment, the job
queue manager 1018 extracts jobs from the job queue 1010
as resources become available and submits the jobs to the
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10b resource scheduler 1016. In an embodiment, the job
resource schedule 1016 acquires a set of resources for
performing the job from the resource management service
1008, and then deploys the job to the acquired set of
resources. In an embodiment, the set of resources 1s a set of
virtual computer system instances created and/or managed
by the resource management service 1008.

In an embodiment, the resource management service 1008
includes a resource prediction engine 1020 and resource
pool manager 1022. In an embodiment, the resource predic-
tion engine 1020 predicts the amount of resources that wall
be needed to perform upcoming jobs. In an embodiment, the
resource prediction engine 1020 maintains an amount of
resources 1n the warm resource pool 1012 that 1s configured
by an admimstrator of the control plane computer system
1002. In an embodiment, the resource prediction engine
1020 examines the contents of the job queue 1010 to 1dentily
an amount of resources needed to process the currently
pending jobs. In an embodiment, the resource prediction
engine 1020 examines the historical contents of the job
queue 1010 to predict future resource demands. In an
embodiment, future resource demands may be predicted
based on scheduled jobs that have not yet been executed in
the job queue 1010 or periodic resource spikes present in the
historical job queue information.

In an embodiment, the resource pool manager 1022
manages the contents of the warm resource pool 1012 1n
accordance with the predicted resource demands used by the
resource prediction engine 1020. In an embodiment, the
warm resource pool contains information that identifies
computer systems, computer clusters, virtual computer sys-
tems, processing services, or other computer resources that
can be used to fulfill job requests. In an embodiment, the
resource pool manager 1022 determines the amount of
resources currently in the warm resource pool 1012, and
compares the current amount of resources to the amount of
resources predicted by the resource prediction engine 1020.
In an embodiment, 11 the warm resource pool 1012 does not
contain suflicient resources, the resource pool manager 1022
creates or acquires additional resources which are then
added to the warm resource pool 1012. In an embodiment,
the warm resource pool 1012 includes references to virtual
computer system instances, and the resource pool manager
1022 generates additional virtual computer system instances
which are placed into the warm resource pool 1012.

In an embodiment, when a new job 1s received by the
control plane computer system 1002, the job evaluation
service 1014 determines the resource requirements for the
new job and places the job in the job queue 1010. In an
embodiment, the job queue manager 1018 extracts the new
10b from the job queue 1010 1n accordance with any sched-
ule and in coordination with any other jobs 1n the job queue
1010, and sends the job to job resource scheduler 1016 for
execution. In an embodiment, the job resource schedule
1016 provides the resource requirements for the new job to
the resource management service 1008, and the resource
management service 1008 allocates the resources for the job
from the warm resource pool 1012. In an embodiment, the
resource management service 1008 configures the resources
for use by the job, and the job resource scheduler 1016
performs the job using the provided resources. In an embodi-
ment, when the job 1s complete, the results are relayed to the
client computer system 1004 and the resources associated
with the job are deallocated. In some embodiments, when
the job 1s complete, the resources are not deallocated, but are
instead cleaned of job-specific information and returned to
the warm resource pool 1012.
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FIG. 11 shows an illustrative example of a job queue, 1n
accordance with one embodiment. A diagram 1llustrates an
embodiment 1100 of a job queue store 1101 for storing a job
queue 1102. In an embodiment, the job queue store 1101
may be a disk drive, memory device, storage service, or
optical storage device connected to a control plane computer
system. In an embodiment, the job queue 1102 may be
implemented as a list, stack, queue, array, or other data
structure for holding information related to mcoming job
requests. In an embodiment, the job queue 1102 retains the
10bs 1n an order in which they were received. In an embodi-
ment, the job queue 1102 establishes an ordering for the job
records based on schedule information, priority information,
or time of receipt for each job request.

In an embodiment, the job queue 1102 1ncludes a collec-
tion of job records. In an embodiment, each individual
record 1n the collection of job records includes a job defi-
nition 1104, 1106, and 1108, a job schedule 1110, 1112, and
1114, a field that identifies a set of job resources 1116, 1118,
and 1120, and a job state 1122, 1124, and 1126. In an
embodiment, the job defimtion fields contain information
that describe the request to be performed by the control
plane computer system. In an embodiment, the job definition
may be represented as a set ol executable commands,
scripts, or executable mstructions to be executed, or as a job
ID that 1s associated with a set of executable commands,
scripts, or executable instructions.

In an embodiment, the job schedule field of the job queue
1102 retains schedule information for an associated job. In
an embodiment, the schedule mmformation may identity a
time 1n the future at which the job may be performed. In an
embodiment, the schedule information may 1dentity that the
10b be performed as soon as resources are available. In an
embodiment, the schedule information may 1dentity that the
j0b may be performed periodically. In an embodiment, the
job resources field idenftifies an amount of computing
resources used to process the job. In an embodiment, the job
resources field i1dentifies a number of computing cores or
data processing unmts (“DPU”) used when performing the
10b. In an embodiment, the job resources field may 1dentify
an amount of memory or an amount of storage space needed
to process the job.

In an embodiment, the job state field indicates the status
of the associated job. In an embodiment, the job status for a
10b may be completed, running, pending, or scheduled. In an
embodiment, job records for completed jobs are retained,
and a time of execution for the completed job 1s recorded 1n
the job queue store 1101. In an embodiment, completed job
records may be used to predict future resource demands
based on past periodic resource demands recorded in the job
queue 1102.

FIG. 12 shows an illustrative example of a resource pool
data store, in accordance with one embodiment. A diagram
illustrates an embodiment 1200 of a warm resource pool
1201 for storing a resource pool 1202. In an embodiment,
the warm resource pool 1201 may be a disk drive, memory
device, storage service, or optical storage device connected
to a control plane computer system. In an embodiment, the
resource pool 1202 may be implemented as a list, stack,
queue, array, relational database, or other data structure for
holding 1information related to available computing
resources. In an embodiment, the resource pool 1202 retains
a set of records that describe computing resources that are
available for use 1n performing job requests. In an embodi-
ment, the computing resources may include available com-
puter systems, available server computer systems, available
computing services, available virtual computer systems,
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available virtual computer system instances, or available
processing services. In an embodiment, the computing
resources may include data storage services, networking
services, or cryptography services.

In an embodiment, the resource pool 1202 includes a
collection of resource records. In an embodiment, each
resource record includes a resource ID field 1204, 1206, and
1208, a job allocation field 1210, 1212, and 1214, a resource
profile field 1216, 1218, and 1220, and a resource state field
1222, 1224, and 1226. In an embodiment, the resource ID
field holds an identifier associated with a particular com-
puting resource such as a computer name, a network
address, hardware address, a processor 1D, or a URL asso-
ciated with the service. In an embodiment the job allocation
field contains a reference to a job request 1n a job queue or
10b store to which the associated resource 1s dedicated. In an
embodiment, the resource profile field contains information
that describes the associated resource. In an embodiment,
the associated resource may be a processing resource and the
resource profile may include an amount of processor band-
width, a number of DPUs, or a number of operations per
second. In an embodiment, the associated resource may be
a storage resource and the resource profile may include a
number of bytes or a storage quota. In an embodiment, the
associated resource may be a network resource and the
resource profile may be a bandwidth or transfer limit. In an
embodiment the resource state field records the availability
state of the associated resource. In an embodiment, the
availability state of the associated resource indicates
whether the associated resource 1s available, currently pro-
cessing a job request, unavailable, or awaiting deallocation.
In an embodiment, the associated resource 1s a virtual
computer system instance and the resource date indicates
whether the virtual computer system instance 1s active,
suspended, or hibernated.

In an embodiment, a control plane computer system
determines that resources should be added to the resource
pool 1202. In an embodiment, the control plane computer
system acquires the resources from available sources or
alternatively creates new resources as needed. In an embodi-
ment, for each new resource, the control plane computer
system generates a new record 1n the resource pool 1202. In
an embodiment, the control plane computer system gener-
ates a resource ID and a resource profile for the new

resource, and writes the resource ID and the resource profile
to the resource pool 1202. In an embodiment, the job

allocation for the new resource 1s cleared, and the resource
date for the new resource indicates that the new resource 1s
available for use.

In an embodiment, when a job request 1s to be processed,
the control plane computer system identifies one or more
resources irom the resource pool 1202. In an embodiment,
the job allocation fields of the i1dentified resources are set to
the identifier of the job request, and the resource state fields
of the 1denftified resources are set to indicate that the
resources are in use. In an embodiment, the control plane
computer system configures the 1dentified resources to per-
form the job, and returns the results to the requester when the
10b 1s complete. In an embodiment, the identified resources
may be deleted and the resource state of the identified
resources set to unavailable and the job allocation fields of
the 1dentified resources cleared. In an embodiment, the
identified resources may be returned to the resource pool
alter job-specific information 1s removed from the resources,

the job allocation fields of the identified resources are
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cleared, and the resource state fields of the identified
resources are set to indicate that the 1dentified resources are
available.

FIG. 13 shows an illustrative example of a process in
accordance with one embodiment. In an embodiment, a
swim diagram 1llustrates an example of process 1300 that, 11
performed by a job management service and a resource
management service hosted on a control plane computer
system, performs a job request using resources from a warm
resource pool. In an embodiment, the process begins at
block 1302 with a job management service receiving a
request for a job. In an embodiment, the job 1s a mapreduce
10b, an extraction transform and load (“ETL”) job, or
parallel processing job requiring a plurality of computing
resources to be performed. In an embodiment, the request 1s
received from a client computer system operated by a
custometr.

In an embodiment, at block 1304, the job management
service determines a set ol resource requirements for the
received job. In an embodiment, the job management service
determines a number of data processing units, an amount of
memory, an amount of storage, or an amount ol network
bandwidth required to process the job. In an embodiment,
the resource requirements include a number of data process-
ing units, and a resource profile for each data processing
unit. In an embodiment, at block 1306, the job management
service stores an entry in a job queue for the received job.
In an embodiment, the entry includes a job identifier, the
resource requirements for the job, and any scheduling infor-
mation for the job. In an embodiment, the scheduling
information may include a time at which the job 1s to be
executed or a priority of the job with respect to other jobs 1n
the job queue. In some an embodiment, jobs are selected for
processing in the order 1n which they are received by the job
management service. In an embodiment, at block 1308, after
adding the job to the job queue, the job management service
requests that the resource management service update a
resource pool. In an embodiment, the resource pool 1s a
database describing resources that are ready and available
for use 1n processing job requests.

In an embodiment, at block 1310, the resource manage-
ment service receives the request to update the resource pool
and analyzes the job queue to determine upcoming resource
demands. In an embodiment, the resource management
service determines upcoming resource demands by deter-
mimng the resource requirements of each job in the job
queue that 1s scheduled to be performed within a threshold
amount of time. In an embodiment, at block 1312, the
resource management service determines a desired amount
of resources to be maintained 1n the resource pool based on
the determined upcoming resource demands. In an embodi-
ment, the desired amount of resources 1s a number of data
processing units, a number of virtual machines, or an
amount of processing capacity. In an embodiment, at block
1314, the resource management service adjusts the amount
of resources and the resource pool 1 accordance with the
desired amount of resources. In an embodiment, the resource
management service assigns computer systems, virtual com-
puter system instances, or other processing resources to the
resource pool to meet or exceed the desired amount of
resources.

In an embodiment, at block 1316, the job management
service selects a job from the job queue for processing. In an
embodiment, at block 1318, the job management service
identifies an amount of resources suilicient to process the
request and requests the amount of resources from the
resource management service.
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In an embodiment, at block 1320, the resource manage-
ment service receives the request for resources and selects a
set of resources from the resource pool that satisfies the
request for resources. In an embodiment, the resource man-
agement service removes the resources from the pool of
available resources, and configures 1322 to the resources 1n
accordance with the requirements of the selected job. In an
embodiment, at block 1324, the resource management ser-
vice uses the configured resources to perform the job
request.

FIG. 14 shows an illustrative example of a process 1n
accordance with one embodiment. A flowchart illustrates an
embodiment of a process 1400 that, 11 executed by a control
plane computer system, determines an amount of resources
used to process a job request. In an embodiment, the process
begins at block 1402 with a control plane computer system
receiving, from a customer, a request to perform a job such
as an ATL job, a mapreduce job, or parallel processing job.
In an embodiment, at block 1404, the control plane com-
puter system i1dentifies any customer assets used by the job
such as storage resources, or other resources that are acces-
sible on a network subnet controlled by the customer. In an
embodiment, at block 1406, the control plane computer
system 1dentifies processing requirements of the job such as
a number of data processing units, a number of processing
cores, an amount of cache memory, an amount of network
bandwidth, or virtual machine profile information. In an
embodiment, at block 1408, the control plane computer
system 1dentifies any security roles that are necessary to
process the job. In an embodiment, the security roles may be
a security role associated with the customer that submitted
the job request. In an embodiment, the control plane com-
puter system may acquire a security token using credentials
provided with the job request, and store the security token
with the job request. In an embodiment, the security token
may be used by the computing resources that process the job
to access one or more customer resources on a customer
network.

In an embodiment, at block 1410, the control plane
computer system builds a resource profile for the job. In an
embodiment, the resource profile 1s comprised of 1nforma-
tion that identifies the customer assets used by the job, any
security roles or security tokens used to access the customer
assets, and the computing resources and processing require-
ments needed to process the job. In an embodiment, the
resource profile includes a security token, a number of
DPUs, and information that identifies one or more network
name spaces that may be used to access customer resources.
In an embodiment, at block 1412, the control plane com-
puter system saves the resource profile 1n a job queue n
association with a job ID, and a job definition. In an
embodiment, the job definition may be a script file, execut-
able 1nstructions, or an i1dentifier that identifies a script file
or executable instructions that, when executed, perform the
10b request.

In an embodiment, at block 1414, the control plane
computer system provides the resource profile to a resource
management service. In an embodiment, the resource profile
may be provided to the resource management service by
providing the resource management service with access to
the job queue. In an embodiment, the resource management
service uses the provided information to predict a level of
resources that will be sutlicient to perform future requests.

FIG. 15 shows an illustrative example of a process 1n
accordance with one embodiment. A flowchart 1llustrates an
embodiment of a process 1500 that, 11 executed by a control
plane computer system, adjusts the amount of resources in
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a warm pool for use in processing job requests. In an
embodiment, the process begins at block 1502 with a control
plane computer system examining a job queue to 1dentify a
set of pending jobs. In an embodiment, a pending job 1s a job
in the queue that 1s ready to be processed. In an embodiment,
the set of pending jobs excludes those jobs that are 1 the
queue, but scheduled to be released at a time 1n the future.
In an embodiment, at block 1504, the control plane com-
puter system determines the resource requirements for the
set of pending jobs. In an embodiment, the resource require-
ments may include a total number of data processing units,
or total number of virtual machine instances needed to
process the set of pending jobs.

In an embodiment, at block 1506, the control plane
computer system 1dentifies jobs that are scheduled {for
upcoming scheduled jobs, where the upcoming scheduled
10bs are defined as jobs that are scheduled to be performed
in a threshold amount of time in the future. In an embodi-
ment, the threshold amount of time 1s set by an administra-
tor. In an embodiment, the threshold amount of time 1s based
on the interval over which new jobs are extracted from the
10b queue and processed by the control plane computer
system. In an embodiment, at block 1508, the control plane
computer system determines a set of resource requirements
for the jobs that are scheduled in the near future. In an
embodiment, the set of resource requirements may include
a total number of data processing units, or a total number of
virtual machine instances suthicient to process the upcoming
10bs.

In an embodiment, at block 1510, the control plane
computer system examines historical job records. In an
embodiment, the historical job records are maintained 1n the
10b queue after the jobs are completed. In an embodiment,
the control plane computer system identifies periodic trends
in resource demand based on the historical job records. In an
embodiment, periodic trends may be 1dentified as trends that
occur on an hourly, daily, weekly, or monthly basis. In an
embodiment, for example, the control plane computer sys-
tem may examine past historical records in the job queue to
determine that a spike 1n demand for computing resources
occurs at a particular time each day. In an embodiment, at
block 1512, 11 the control plane computer system predicts a
spike 1n demand for computing resources 1s imminent, an
amount of computing resources suflicient to meet the spike
in demand 1s estimated.

In an embodiment, at block 1514, the control plane
computer system estimates the total resource demand by
adding the resource requirements for pending jobs, the
resource requirements for scheduled jobs, and the resource
requirements for predicted unscheduled jobs as determined
at blocks 1504, 1508, and 1512. In an embodiment, at block
1516, the control plane computer system examines the
resource pool, and adds computing resources to the resource
pool so that the total number of resources and the resource
pool 1s suflicient to meet the resource demand predicted 1n
block 1514. In an embodiment, the control plane computer
system generates virtual computer system instances, and
adds the generated virtual computer system instances to the
resource pool such that the number of computing resources
and the resource pool meets or exceeds the total number of
data processing units predicted at block 1514.

FIG. 16 illustrates a system 1600 for implementing
aspects 1n accordance with one embodiment. In an embodi-
ment, a Web-based system 1s used. The system includes an
clectronic client device 1602, which can include any appro-
priate device operable to send and/or receive requests,
messages, or information over an appropriate network 1604
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and, 1n an embodiment, convey information back to a user
of the device. In an embodiment, client devices include
personal computers, cell phones, handheld messaging
devices, laptop computers, tablet computers, set-top boxes,
personal data assistants, embedded computer systems, elec-
tronic book readers, and the like. In an embodiment, the
network includes any appropriate network, including an
intranet, the Internet, a cellular network, a local area net-
work, a satellite network, or any other such network and/or
combination thereof. In an embodiment, components used
for such a system can depend at least 1n part on the type of
network and/or system selected. In an embodiment, com-
munication over the network can be enabled by wired or
wireless connections and combinations thereof. In an
embodiment, the network includes the Internet and/or pub-
licly addressable communications network, as the system
includes a Web server 1606 for receirving requests and
serving content in response thereto. In an embodiment, an
alternative device serving a similar purpose 1s used for other
networks.

In an embodiment, the illustrative system includes at least
one application server 1608 and a data store 1610. In an
embodiment, there are several application servers, layers, or
other elements, processes, or components, which are
chaimned or otherwise configured, which can interact to
perform tasks such as obtaining data from an appropriate
data store. Servers, as used herein, can be implemented 1n
various ways, such as hardware devices or virtual computer
systems. In some contexts, servers may refer to a program-
ming module being executed on a computer system. As used
herein, unless otherwise stated or clear from context, the
term “‘data store” refers to any device or combination of
devices capable of storing, accessing, and retrieving data,
which may include any combination and number of data
servers, databases, data storage devices, and data storage
media, mm any standard, distributed, virtual, or clustered
environment. In an embodiment, the application server can
include any appropriate hardware, software, and firmware
that integrates with the data store as needed to execute
aspects ol one or more applications for the client device,
handling some or all of the data access and business logic for
an application. In an embodiment, the application server
provides access control services 1n cooperation with the data
store and 1s able to generate content including, but not
limited to, text, graphics, audio, video, and/or other content
usable to be provided to the user, which may be served to the
user by the Web server 1n the form of HyperText Markup

Language (“HTML™), Extensible Markup Language
(“XML”), JavaScript, Cascading Style Sheets (“CSS5”),

JavaScript Object Notation (JSON), and/or another appro-
priate client-side structured language. In an embodiment,
content transferred to a client device 1s processed by the
client device to provide the content in one or more forms
including, but not limited to, forms that are perceptible to the
user audibly, visually, and/or through other senses. In an
embodiment, the handling of requests and responses, and the
delivery of content between the client device 1602 and the
application server 1608, 1s handled by the Web server using
PHP: Hypertext Preprocessor (“PHP”), Python, Ruby, Perl,
Java, HTML, XML, JSON, and/or another appropriate
server-side  structured language. Further, operations
described herein as being performed by a single device may,
unless otherwise clear from context, be performed collec-
tively by multiple devices, which may form a distributed
and/or virtual system.

In an embodiment, the data store 1610 includes several
separate data tables, databases, data documents, dynamic
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data storage schemes, and/or other data storage mechanisms
and media for storing data relating to a particular aspect of
the present disclosure. In an embodiment, the data store
illustrated includes mechanisms for storing production data
1612 and user information 1616, which can be used to serve
content for the production side. In an embodiment, the data
store 1s shown to include a mechanism for storing log data
1614, which can be used for reporting, analysis, or other
such purposes. In an embodiment, other aspects are stored 1n
the data store, such as page image information and access
rights mnformation, which can be stored in any of the above
listed mechanisms as appropriate or i additional mecha-
nisms 1n the data store 1610. In an embodiment, the data
store 1610 1s operable, through logic associated therewith, to
receive nstructions from the application server 1608 and
obtain, update, or otherwise process data 1in response thereto.
In an embodiment, the application server 1608 provides
static, dynamic, or a combination of static and dynamic data
in response to the received nstructions. In an embodiment,
dynamic data, such as data used in Web logs (blogs),
shopping applications, news services, and other such appli-
cations 1s generated by server-side structured languages as
described herein or may be provided by a content manage-
ment system (“CMS”) operating on, or under the control of,
the application server. In an embodiment, a user, through a
device operated by the user, submits a search request for a
certain type of item, and the data store accesses the user
information to verily the identity of the user and can access
the catalog detail information to obtain information about
items of that type, and then the information 1s returned to the
user. In an embodiment, the information 1s returned as a
results listing on a web page that the user 1s able to view via
a browser on the client device 1602. In an embodiment,
information for a particular item of interest 1s viewed 1n a
dedicated page or window of the browser. The present
disclosure 1s not limited to the context of web pages, and
may be applicable to processing requests in general where
the requests are not requests for content.

In an embodiment, a server includes an operating system
that provides executable program instructions for the general
administration and operation of that server and further
includes a computer-readable storage medium (e.g., a hard
disk, random access memory, read only memory, etc.) stor-
ing 1nstructions that, when executed (1.e., as a result of being
executed) by a processor of the server, allow the server to
perform 1ts mtended functions.

The system, in an embodiment, 1s a distributed and/or
virtual computing system utilizing several computer systems
and components that are imterconnected via communication
links, using one or more computer networks or direct
connections. In an embodiment, such a system could have a
tewer or a greater number of components than are 1llustrated
in FIG. 16. Thus, the depiction of the system 1600 1n FIG.
16 should be taken as being illustrative in nature and not
limiting to the scope of the disclosure.

An embodiment can be implemented 1n a wide variety of
systems, which 1n some cases can iclude one or more user
computers, computing devices, or processing devices, which
can be used to operate any of a number of applications. User
or client devices can include any of a number of computers,
such as desktop, laptop, or tablet computers running a
standard operating system, as well as cellular, wireless, and
handheld devices running mobile software and capable of
supporting a number ol networking and messaging proto-
cols. An embodiment can also include a number of work-
stations running any of a variety of commercially available
operating systems and other known applications for pur-
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poses such as development and database management.
These devices also can include other electronic devices, such
as dummy terminals, thin-clients, gaming systems, and other
devices capable of communicating via a network. These
devices also can include virtual devices such as virtual
computer system, hypervisors, and other virtual devices
capable of communicating via a network.

An embodiment can utilize at least one network that
would be familiar to those skilled in the art for supporting
communications using any of a variety ol commercially
available protocols, such as Transmission Control Protocol/
Internet Protocol (“T'CP/IP”), User Datagram Protocol
(“UDP”), protocols operating 1n various layers of the Open
System Interconnection (“OSI”) model, File Transfer Pro-
tocol (“FTP”), Unmiversal Plug and Play (“UpnP”), Network
File System (*NFS”), Common Internet File System
(“CIFS”), and AppleTalk. The network can be, for example,
a local area network, a wide-area network, a virtual private
network, the Internet, an infranet, an extranet, a public
switched telephone network, an infrared network, a wireless
network, a satellite network, and any combination thereof.
In an embodiment, connection-oriented protocols may be
used to communicate between network endpoints. Connec-
tion-oriented protocols (sometimes called connection-based
protocols) are capable of transmitting data in an ordered
stream. Connection-oriented protocols can be reliable or
unreliable. In an embodiment, the protocol 1s a reliable
connection-oriented protocol such as TCP. In an embodi-
ment, the protocol 1s an unreliable connection-oriented pro-
tocol such as Asynchronous Transfer Mode (“ATM”) or
Frame Relay. Connection-oriented protocols are 1n contrast
to packet-oriented protocols such as UDP that transmit
packets without a guaranteed ordering.

In an embodiment that utilizes a Web server, the Web
server can run any of a variety of server or mid-tier appli-
cations, including Hypertext Transier Protocol (“HTTP”)
servers, F'TP servers, Common Gateway Interface (“CGI™)
servers, data servers, Java servers, Apache servers, and
business application servers. In an embodiment, the server
(s) are capable of executing programs or scripts in response
to requests from user devices, such as by executing one or
more Web applications that may be implemented as one or
more scripts or programs written 1n any programming lan-
guage, such as Java®, C, C#, or C++, or any scripting
language, such as Ruby, personal home page (“PHP”), Perl,
Python, or test control language (“TCL”), as well as com-
binations thereof. In an embodiment, the server(s) include
one or more database servers, including without limitation
those commercially available from Oracle®, Microsolt®,
Sybase®, and IBM® as well as open-source servers such as
MySQL, Postgres, SQLite, MongoDB, and any other server
capable of storing, retrieving, and accessing structured or
unstructured data. Database servers may include table-based
servers, document-based servers, unstructured servers, rela-
tional servers, non-relational servers, or combinations of
these and/or other database servers.

The system can 1nclude a variety of data stores and other
memory and storage media as discussed above. In an
embodiment, these reside in a variety of locations, such as
on a storage medium local to (and/or resident 1n) one or
more ol the computers or remote from any or all of the
computers across the network. In an embodiment, the infor-
mation may reside 1 a storage-area network (“SAN”)
familiar to those skilled in the art. In an embodiment, files
for performing the functions attributed to the computers,
servers, or other network devices may be stored locally
and/or remotely, as appropriate. In an embodiment where a
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system 1includes computerized devices, each such device can
include hardware elements that may be electrically coupled
via a bus, the elements including, for example, at least one
central processing unit (“CPU” or “processor’), at least one
mput device (e.g., a mouse, keyboard, controller, touch
screen, or keypad), and at least one output device (e.g., a
display device, printer, or speaker). Such a system may also
include one or more storage devices, such as disk drives,
optical storage devices, and solid-state storage devices such
as random access memory (“RAM”) or read-only memory
(“ROM”), as well as removable media devices, memory
cards, flash cards, etc.

Such devices also can include a computer-readable stor-
age media reader, a communications device (e.g., a modem,
a network card (wireless or wired), an infrared communi-
cation device, etc.), and working memory as described
above. The computer-readable storage media reader can be
connected with, or configured to receive, a computer-read-
able storage medium, representing remote, local, fixed,
and/or removable storage devices as well as storage media
for temporarily and/or more permanently containing, stor-
ing, transmitting, and retrieving computer-readable informa-
tion. In an embodiment, the system and various devices
include a number of software applications, modules, ser-
vices, or other elements located within at least one working,
memory device, including an operating system and appli-
cation programs, such as a client application or Web
browser. In an embodiment, customized hardware 1s used
and/or particular elements are implemented in hardware,
software (including portable software, such as applets), or
both. In an embodiment, connection to other computing
devices such as network input/output devices may be
employed.

Storage media and computer readable media for contain-
ing code, or portions of code, can include any appropriate
media known or used 1n the art, including storage media and
communication media, such as, but not limited to, volatile
and non-volatile, removable and non-removable media
implemented 1n any method or technology for storage and/or
transmission of information such as computer readable
instructions, data structures, program modules, or other data,
including RAM, ROM, Electrically Erasable Programmable
Read-Only Memory (“EEPROM™), flash memory or other
memory technology, Compact Disc Read-Only Memory
(“CD-ROM”), digital versatile disk (DVD), or other optical
storage, magnetic cassettes, magnetic tape, magnetic disk
storage, or other magnetic storage devices, or any other
medium which can be used to store the desired information
and which can be accessed by the system device.

In an embodiment, a service may be implemented using
a serverless computing architecture. In an embodiment, a
serverless computing service 1s a service that allows users to
submit requests for program execution to the service without
being assigned a particular computing resource. In an
embodiment, requests for execution on a serverless comput-
ing service are stateless from the standpoint of the service,
and any program state 1s passed in with the request. In an
embodiment, the host entity for the serverless computing
service designates physical computing resources on demand,
and may one or more computer systems as needed based on
transient demand. In an embodiment, serverless computing,
services improve the scalability of the system by allowing
requests to be tulfilled using a variety of physical processing,
resources under the control of the serverless computing
service.

In the preceding and following description, various tech-
niques are described. For purposes of explanation, specific
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configurations and details are set forth 1n order to provide a
thorough understanding of possible ways of implementing
the techmiques. However, it will also be apparent that the
techniques described below may be practiced in different
configurations without the specific details. Furthermore,
well-known features may be omitted or simplified to avoid
obscuring the techniques being described.

The specification and drawings are, accordingly, to be
regarded 1n an illustrative rather than a restrictive sense. It
will, however, be evident that various modifications and
changes may be made thereunto without departing from the
broader spirit and scope of the invention as set forth in the
claims.

Other varniations are within the spirit of the present
disclosure. Thus, while the disclosed techniques are suscep-
tible to various modifications and alternative constructions,
certain illustrated embodiments thereof are shown in the
drawings and have been described above in detail. It should
be understood, however, that there 1s no intention to limait the
invention to the specific form or forms disclosed, but on the
contrary, the mtention 1s to cover all modifications, alterna-
tive constructions, and equivalents falling within the spirt
and scope of the invention, as defined in the appended
claims.

The use of the terms “a” and “an” and “the” and similar
referents 1n the context of describing the disclosed embodi-
ments (especially in the context of the following claims) are
to be construed to cover both the singular and the plural,
unless otherwise indicated herein or clearly contradicted by
context. The terms “comprising,” “having,” “including,”
and “contaiming” are to be construed as open-ended terms
(1.e., meamng “including, but not limited to,”) unless oth-
erwise noted. The term ‘“‘connected,” when unmodified and
referring to physical connections, 1s to be construed as partly
or wholly contained within, attached to, or joined together,
even 11 there 1s something intervening. Recitation of ranges
of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value
falling within the range, unless otherwise indicated herein
and each separate value 1s incorporated 1nto the specification
as 11 1t were individually recited herein. The use of the term
“set” (e.g., “a set of items”™) or “subset” unless otherwise
noted or contradicted by context, 1s to be construed as a
nonempty collection comprising one or more members.
Further, unless otherwise noted or contradicted by context,
the term ““subset” of a corresponding set does not necessarily
denote a proper subset of the corresponding set, but the
subset and the corresponding set may be equal.

Conjunctive language, such as phrases of the form “at
least one of A, B, and C,” or ““at least one of A, B and C.”
unless specifically stated otherwise or otherwise clearly
contradicted by context, 1s otherwise understood with the
context as used 1n general to present that an item, term, etc.,
may be either A or B or C, or any nonempty subset of the set
of A and B and C. For instance, in the illustrative example
of a set having three members, the conjunctive phrases “at

least one of A, B, and C” and ““at least one of A, B and C”
refer to any of the following sets: {A}, {B}, {C}, {A, B},
{A, C}H {B, C}, {A, B, C}. Thus, such conjunctive language
1s not generally intended to imply that certain embodiments
require at least one of A, at least one of B, and at least one
of C each to be present. In addition, unless otherwise noted
or contradicted by context, the term “plurality” indicates a
state of being plural (e.g., “a plurality of 1tems” indicates
multiple 1tems). The number of items 1n a plurality is at least
two, but can be more when so indicated either explicitly or
by context.
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Operations of processes described herein can be per-
formed 1n any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. Pro-
cesses described herein (or variations and/or combinations
thereol) may be performed under the control of one or more
computer systems configured with executable instructions
and may be implemented as code (e.g., executable nstruc-
tions, one or more computer programs, Or One Or more
applications) executing collectively on one or more proces-
sors, by hardware or combinations thereof. The code may be
stored on a computer-readable storage medium, for example,
in the form of a computer program comprising a plurality of
instructions executable by one or more processors. The
computer-readable storage medium may be non-transitory.
In some embodiments, the code 1s stored on set of one or
more non-transitory computer-readable storage media hav-
ing stored thereon executable instructions that, when
executed (1.e., as a result of being executed) by one or more
processors of a computer system, cause the computer system
to perform operations described herein. The set of non-
transitory computer-readable storage media may comprise
multiple non-transitory computer-readable storage media
and one or more of individual non-transitory storage media
of the multiple non-transitory computer-readable storage
media may lack all of the code while the multiple non-
transitory computer-readable storage media collectively
store all of the code. Further, 1n some examples, the execut-
able 1nstructions are executed such that different instructions
are executed by diflerent processors. As an 1llustrative
example, a non-transitory computer-readable storage
medium may store instructions. A main CPU may execute
some of the mstructions and a graphics processor unit may
execute other of the imstructions. Generally, diflerent com-
ponents of a computer system may have separate processors
and different processors may execute diflerent subsets of the
instructions.

Accordingly, 1n some examples, computer systems are
configured to implement one or more services that singly or
collectively perform operations of processes described
herein. Such computer systems may, for mstance, be con-
figured with applicable hardware and/or software that enable
the performance of the operations. Further, computer sys-
tems that implement various embodiments of the present
disclosure may, 1in some examples, be single devices and, 1n
other examples, be distributed computer systems comprising
multiple devices that operate diflerently such that the dis-
tributed computer system performs the operations described
herein and such that a single device may not perform all
operations.

The use of any and all examples, or exemplary language
(e.g., “such as”) provided herein, 1s intended merely to better
illuminate embodiments of the invention and does not pose
a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be con-
strued as indicating any non-claimed element as essential to
the practice of the invention.

Embodiments of this disclosure are described herein,
including the best mode known to the inventors for carrying
out the imvention. Variations of those embodiments may
become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventors expect
skilled artisans to employ such vanations as appropriate and
the mnventors intend for embodiments of the present disclo-
sure to be practiced otherwise than as specifically described
herein. Accordingly, the scope of the present disclosure
includes all modifications and equivalents of the subject
matter recited in the claims appended hereto as permaitted by
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applicable law. Moreover, any combination of the above-
described elements 1n all possible vanations thereof 1is
encompassed by the scope of the present disclosure unless
otherwise indicated herein or otherwise clearly contradicted
by context.

All references, including publications, patent applica-
tions, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by
reference and were set forth 1n 1ts entirety herein.

What 1s claimed 1s:
1. A computer-implemented method comprising:
receiving, from a Web-based service, a request to perform
one or more operations on a set of data on a data source
at a scheduled time
determining an amount of computing resources to fulfill
the request;
as a result of determining that the scheduled time 1s within
a threshold amount of a current time, add a total amount
of computing resources to a resource pool that includes
the amount of computing resources to tulfil the request;
processing the request by at least:
executing code specific to the request using computing
resources ifrom the resource pool to generate trans-
formed data; and
storing the transformed data at a destination.
2. The computer-implemented method of claim 1,
wherein the total amount of computing resources 1s deter-
mined at least 1n part by:
identifying a set of scheduled requests to be processed
within a threshold amount of time;
determining an amount of computer systems to perform
the set of scheduled requests; and
adding the determined amount of computer systems to the
resource pool.
3. The computer-implemented method of claim 1, further
comprising;
predicting future demand for computer systems based at
least 1n part on a historical record of processed
requests; and
adding an amount of computer systems to the resource
pool 1n accordance with the predicted future demand.
4. The computer-implemented method of claim 1,
wherein determining the total amount of computing
resources 15 accomplished at least in part by adding 1ndi-
vidual resource requirements that are associated with pend-
Ing requests.
5. A system, comprising:
one or more processors; and
memory storing instructions that, 11 executed on the one
Or more processors, cause the system to:
enable a first quantity of computing resources to pro-
cess a first one or more requests recerved by a
Web-based service indicating a {irst one or more data
sources and a first one or more operations to be
performed by the first quantity of computing
resources on data from the first one or more data
SOUrces;
receive one or more additional requests indicating a
second one or more data sources and a second one or
more operations to be performed, at a scheduled
time, by the Web-based service on data from the
second one or more data sources;
determine an additional quantity of computing
resources to process the one or more additional
requests:
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as a result of determining that the scheduled time 1s
within a threshold amount of a current time, add the
additional quantity of computing resources to a
resource pool that includes the first quantity of
computing resources; and

tulfill the first and additional one or more requests by
at least using computing resources 1n the resource
pool to perform the first and second operations on
data from the first and second one or more data
sources.

6. The system of claim 5, wherein:

the first quantity of computing resources 1s comprised of

one or more virtual computer systems; and

the additional quantity of computing resources 1s a set of

virtual computer systems instantiated by the system.

7. The system of claim 5, wherein:

the first one or more data sources 1s located on a network

subnet; and

the mstructions, 1f executed on the one or more proces-

sors, further cause the system to configure the first
quantity of computing resources such that the first
quantity ol computing resources 1s able to access the
network subnet.

8. The system of claim 5, wherein estimating an additional
quantity of computing resources 1s accomplished at least 1n
part by:

identifying a set of scheduled requests to be processed

within a threshold amount of time;

determining an amount of computing resources 1o per-

form the set of scheduled requests; and

adding the determined amount of computing resources to

the additional quantity of computing resources.

9. The system of claim 5, wherein estimating an additional
quantity of computing resources 1s accomplished at least 1n
part by:

predicting future demand for computing resources based

at least 1 part on a historical record of processed
requests; and

adding an amount of computing resources to the addi-

tional quantity of computing resources 1n accordance
with the predicted future demand.

10. The system of claim 5, wherein:

the first one or more requests includes an associated first

resource requirement;

the one or more additional requests includes an associated

additional resource requirement; and

estimating the additional quantity of computing resources

1s accomplished at least in part by adding the first
resource requirement and the additional resource
requirement.

11. The system of claim 10, wherein:

the first one or more requests and the one or more

additional requests are stored 1n a queue; and

cach individual request in the queue 1s stored with an

associated resource requirement.

12. The system of claim 5, wherein the first one or more
requests include a MapReduce job or an extraction trans-
formation and loading (“E'TL”) job.

13. A non-transitory computer-readable storage medium
including stored thereon executable instructions that, as a
result ol being executed by one or more processors ol a
computer system, cause the computer system to at least:

enable a first quantity of computing resources to process

a 1irst one or more requests received by a Web-based
service mdicating a first one or more data sources and
a first one or more operations to be performed by the
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first quantity of computing resources on data from the
first one or more data sources;

recertve one or more additional requests indicating a

second one or more data sources and a second one or
more operations to be performed, at a scheduled time,
by the Web-based service on data from the second one
or more data sources;

determine an additional quantity of computing resources

to process the one or more additional requests;

as a result of determining that the scheduled time 1s within

a threshold amount of a current time, add the additional
quantity of computing resources to a resource pool that
includes the first quantity of computing resources; and
tulfill the first and additional one or more requests by at
least using computing resource in the resource pool to
perform the first and second operations on data from
the first and second one or more data sources.

14. The non-transitory computer-readable
medium of claim 13, wherein:

the first quantity of computing resources 1s comprised of

one or more virtual computer systems; and

the additional quantity of computing resources 1s a set of

virtual computer systems instantiated by the system.

15. The non-transitory computer-readable storage
medium of claim 13, wherein:

the first one or more data sources 1s located on a network

subnet; and

the instructions, 1f executed on the one or more proces-

sors, further cause the system to configure the first
quantity ol computing resources such that the first
quantity ol computing resources 1s able to access the
network subnet.

16. The non-transitory computer-readable storage
medium of claim 13, wherein estimating an additional
quantity of computing resources 1s accomplished at least 1n
part by:

identilying a set of queued requests to be processed;

determining a first amount of computing resources to

perform the set of queued requests; and

adding the first amount of computing resources to the

additional quantity of computing resources.

17. The non-transitory computer-readable storage
medium of claim 16, wherein estimating an additional
quantity of computing resources 1s accomplished at least 1n
part by:

predicting future demand for computing resources based

at least 1 part on a historical record of processed
requests; and

adding a second amount of computing resources to the

additional quantity ol computing resources 1n accor-
dance with the predicted future demand.

18. The non-transitory computer-readable
medium of claim 13, wherein:

the first one or more requests includes an associated first

resource requirement;

the one or more additional requests includes an associated

additional resource requirement; and

estimating an additional quantity of computing resources

1s accomplished at least in part by adding the first
resource requirement and the additional resource
requirement.

19. The non-transitory
medium of claim 18, wherein:

the first one or more requests and the one or more

additional requests are stored 1n a queue; and

cach individual request in the queue 1s stored with an

associated resource requirement.

storage

storage

computer-readable storage



US 10,997,538 Bl
31

20. The non-transitory computer-readable storage

medium of claim 13, w]

nerein the first one or more requests

include a MapReduce ;

ob or an extraction transformation

and loading (“ETL”") job.
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